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(57) ABSTRACT

The mvention relates to a strapping device for strapping
packaged goods with a strapping band, said strapping device
being provided with a connecting device (5) designed as an
ultrasonic welding device (9) 1n order to form a closure. The
ultrasonic welding device (9) 1s provided with a sonotrode
device (13) to which ultrasound generated by an ultrasound
converter (10) can be transmitted, and the sonotrode device
(13) has a contact surface (21, 24) 1n a provided region
which contacts the strapping band. The contact surface 1s
designed to contact a surface of the strapping band, and the
sonotrode device (13) 1s designed to produce ultrasonic
vibrations by means of the contact surface. The aim of the

invention 1s to allow a more compact design for such
(Continued)
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strapping devices. This 1s achieved in that the contact
surtace (21, 24) of the sonotrode (11) 1s aligned at an angle
a. which deviates from a right angle relative to the provided
vibration direction of the sonotrode (11).
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STRAPPING DEVICE WITH AN
ULTRASONIC WELDING DEVICE

PRIORITY CLAIM

This patent application 1s a national stage application of
PCT/IB2017/000139, filed on Feb. 21, 2017, which claims
priority to and the benefit of Swiss Patent Application No.

CH 00231/16, filed on Feb. 22, 2016, the entire contents of
which are icorporated herein by reference.

BACKGROUND

The mnvention relates to a strapping apparatus for strap-
ping packaged articles with a strapping band, said strapping
apparatus being provided with a connecting device, which 1s
designed as an ultrasonic welding device, for forming a
closure on the strapping band, wherein the ultrasonic weld-
ing device 1s provided with a sonotrode device to which
ultrasound generated by an ultrasound generator can be
transmitted, and the sonotrode device has a contact surface
in a designated contact region with the strapping band,
wherein the contact surface 1s provided for butting against a
surface of the strapping band, and the sonotrode device 1s
provided for carrying out ultrasonic vibrations with its
contact surface.

Strapping apparatuses ol this type are used for strapping
packaged articles with a plastics strap. For this purpose, a
loop of the particular plastics strap 1s placed around the
packaged article. The plastics strap 1s generally pulled ofl
here from a supply reel. After the loop 1s completely placed
around the packaged article, the end region of the band
overlaps with a section of the band loop. At said two-layered
region of the band in the strapping apparatus, the band 1s
then clamped 1n the strapping apparatus, a band tension 1s
applied to the band loop by means of the tensioning device,
and a closure 1s produced between the two band layers, for
example, by friction welding at the loop. In this connection,
pressure 1s applied to the band 1n the region of two ends of
the band loop by a friction shoe moving m an oscillating
manner. The pressure and the heat arising because of the
movement melt the band, which generally contains plastic,
locally for a short time. This results 1n a permanent connec-
tion between the two band layers, which at most can be
released again with a great force, between the two band
layers. Then, or approximately simultancously, the loop 1s
severed from the supply reel. The respective packaged
article 1s thereby strapped. This strapping operation can take
place both with stationary automatic strapping machines and
with portable strapping apparatuses.

In order to produce the connection, use 1s also already
made of ultrasonic welding devices. With the latter, ultra-
sound with a predetermined frequency and amplitude 1s
generated and 1s introduced 1nto a two-layered band section
by means of a contact surface of the ultrasound sonotrode,
the contact surface lying against the band. The contact
surface of the ultrasound sonotrode that lies 1n a level and
flat manner against a band surface 1s oriented here perpen-
dicularly to the longitudinal axis of the sonotrode and to the
direction of vibration of the converter, as a result of which
the maximum ethciency with regard to transmitting the
vibration energy into the strapping band 1s intended to be
achieved. The application of ultrasound leads there to heat-
ing and melting of the two band layers lying on each other.

The locally melted band regions of the two band layers
flow into each other. Similarly as in the case of friction
welding, after cooling the two band layers are connected to
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cach other 1n an integrally bonded manner and the band loop
1s thereby permanently closed. The fact that existing welding

devices based on ultrasonic energy have a comparatively
voluminous design and therefore require a large amount of
construction space can be considered disadvantageous.
Other components of the strapping apparatus, 1n particular
the closure device, therefore have to give way to the
ultrasound sonotrode and to the ultrasound converter and
have to be arranged at another point of the strapping
apparatus. The construction of strapping apparatuses of this
type 1s thereby complicated.

SUMMARY

The 1invention 1s therefore based on the object of permit-
ting a more compact design of strapping apparatuses of the
type mentioned at the beginning.

This object 1s achieved according to the invention in the
case of a strapping apparatus of the type mentioned at the
beginning in that the contact surface of the sonotrode 1s
oriented at an angle o differing from a right angle with
respect to the designated vibration direction of the sono-
trode. The object 1s also achieved by a strapping apparatus
as claimed 1n claim 10 and by a strapping method as claimed
in patent claim 12.

It has been shown that, with a measure appearing surpris-
ingly simple at first glance, namely by inclining the longi-
tudinal axis, which arises 1n the sonotrode from the direction
of vibration of the ultrasound generated by the converter of
the sonotrode device, with respect to the contact surface, a
more compact design can be achieved without the function-
ing capability of the ultrasound welding device thereby
being impaired 1n a relevant manner. Contrary to expecta-
tions, the closure formation process 1s not impaired by this
means although the longitudinal axis of the sonotrode 1s not
oriented here in accordance with the prevailing teaching
perpendicularly to the surface against which it bears and 1nto
which ultrasound 1s itroduced for producing a closure
between the plurality of band layers. Contrary to prevailing
assumptions, the achieving of the sought working result,
namely the formation of a closure between two strapping
band layers arranged one above the other and lying against
cach other, 1s not impaired 1n a functionally relevant manner.
On the contrary, as has been shown within the context of the
present invention, the process for forming the closure and
the admission of energy required for this purpose into the
strapping band take place with good working results. It can
be presumed that, although because of the inclination
according to the invention of the sonotrode a smaller portion
of ultrasonic energy 1n accordance with the size of the angle
of inclination 1s available for producing the connection, this
1s compensated for where possible by a portion of the
ultrasonic vibrations, which portion 1s oriented substantially
parallel to the contact surface, contributing in the manner of
a vibration or friction welding operation additionally to the
ultrasonic welding operation for heating and for melting the
plastic of the strapping band. Provided that these relation-
ships are correct, the portion of the longitudinal ultrasonic
vibration that 1s oriented parallel to the contact surface 1s not
lost for the formation of a closure, but rather, contrary to the
prevailing teaching opinion, also make a contribution to the
local melting of the surfaces lying against one another of the
band layers of the strapping band.

In conjunction with the present invention, it 1s preferred
that the angle a enclosed by the contact surface and a
longitudinal axis of the sonotrode 1s smaller than 90°, but 1s
at least 5°, preferably at least 10° and particularly preferably
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at least 15°. It 1s particularly preferred here that the angle o
1s smaller than or equal to 80°, preferably smaller than or
equal to 70°. A particularly suitable specific angle o can be,
for example, 30°.

In the region of the action point at which a strapping
apparatus acts on the band in conjunction with the tension-
ing operation, the closure operation and the separating
operation, a multiplicity of components are arranged 1n an
extremely narrow space. A comparatively small construction
space 1s available for the components which are to be
arranged; there 1s a lack of space, and the arrangement of
components on the same side of the band surface as the
sonotrode 1s associated with complications and technical
complexity. With the present invention, it 1s now possible to
arrange the sonotrode device obliquely with respect to the
band surfaces such that only the contact surface 1s located in
the region of action and the sonotrode protrudes obliquely
from the band surface. In comparison to previously known
strapping apparatuses, the closure device can thereby be
configured particularly compactly and space can be made
available on the side of the region of the point of action of
the contact surface of the sonotrode device.

The oblique orientation according to the invention of the
contact surface of the sonotrode with respect to 1ts own
longitudinal axis can also be provided in an advantageous
and particularly preferred manner in that a plurality of
contact surfaces, 1 particular two and only two contact
surfaces, can be formed on a sonotrode device. Since contact
surfaces of this type of sonotrode devices are subject to wear
because of their use during ultrasonic welding, the at least
two contact surfaces formed on a sonotrode device make 1t
possible for the service life of a sonotrode device or the
sonotrode to be extended by a factor which corresponds to
the number of contact surfaces on a sonotrode device. By
means of this preferred embodiment according to the inven-
tion, the service life of a sonotrode according to the inven-
tion can therefore be extended at least by the factor of two
and therefore costs for worn sonotrodes can be approxi-
mately halved.

It 1s preferred here that the longitudinal axis of the
sonotrode, along which the ultrasonic vibrations which are
generated by the ultrasound converter and are preferably 1n
the form of longitudinal waves, does not intersect the center,
1.¢. the region of a center of the contact surface, which 1s 1n
the use position, of the sonotrode, as was previously cus-
tomarily the case. Nevertheless, the present invention also
includes embodiments 1n which the longitudinal axis inter-
sects the surface of the contact surface at a distance from all
of the edges of the contact surface at an angle differing from
90°, 1n particular 1n a central region of the contact surface.
In order to particularly easily realize two contact surfaces on
a sonotrode, which can be used one after the other and
independently of each other, and to bring them with little
outlay correctly into their respective use position, 1t can be
ol advantage that the two contact surfaces are not arranged
parallel to each other and the longitudinal axis runs between
the two contact surfaces either without contact with the two
contact surfaces or else the two contact surfaces butt
together at a common longitudinal edge which 1s intersected
by the longitudinal axis.

In order to form two contact surfaces on a sonotrode that
can be brought one after the other in time i1nto their use
position 1n the strapping apparatus, it can likewise be of
advantage 11 the two contact surfaces are arranged symmetri-
cally at least with respect to their position 1n respect of the
longitudinal axis. It 1s particularly preferred here for the at
least two contact surfaces to at least substantially have the
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same size and the same geometrical shape. Furthermore, the
two contact surfaces can be arranged on different opposite
sides of the longitudinal axis and can each be inclined by the
angular value a 1n relation to the longitudinal axis. This
results 1n an at least approximately conical arrangement of
the two contact surfaces, wherein the two contact surfaces
themselves preferably enclose twice the angle o with each
other. Also 1n this connection, the angle a 1s intended to be
understood as meaning the angle at which a contact surface
or each of the contact surfaces i1s or are arranged in an
inclined manner in relation to the longitudinal axis.

The exchanging of one contact surface, which 1s located
in the sonotrode device of the strapping apparatus in a use
position, by another contact surface of same sonotrode or
sonotrode device, which contact surface 1s intended to be
brought into the use position istead of the first contact
surface, can be carried out, 1n an advantageous embodiment
according to the invention, by changing the relative position
of the sonotrode and/or the orientation thereof with respect
to 1ts previous use position within the strapping apparatus.
An embodiment according to the invention is preferred here
in which a rotational movement 1s carried out for this
purpose with the sonotrode. A rotational movement about
the longitudinal axis of the sonotrode is particularly pre-
terred here. Particularly high positioning accuracy of the
sonotrode can be achieved in a simple manner 1f, starting
from an arrangement of the first contact surface in the use
position thereot, only the rotational movement of the sono-
trode or of the holder thereotf 1s required for transierring the
second contact surface 1nto its working position. The size of
the rotational movement can correspond here to the size of
the oflset by which the second contact surface 1s arranged
olilset 1n relation to the first contact surface on the circum-
terence of the sonotrode. In the case of such a sonotrode
device, the at least one further contact surface can be fitted
into the use position on the sonotrode device with particu-
larly little outlay and particularly rapidly. After the first
contact surface has reached 1ts service life, for example
because of wear which has occurred, the rapid changing to
the second contact surface integrated in the sonotrode can
make 1t possible to reduce non-productive i1dle times of a
strapping apparatus. A further particularly expedient
embodiment 1n which the sonotrode can be arranged only 1n
the rotational positions, which are provided for the contact
surfaces, relative to the ultrasonic generator can also con-
tribute thereto. This can be undertaken, for example, by a
form-fitting arrangement of the sonotrode on the sonotrode
receptacle, which arrangement 1s intended to be reachable 1n
such embodiments according to the invention only when the
sonotrode 1s arranged 1n the correct rotational position. In
this connection, 1n a preferred embodiment of the invention,
the form-fitting, but re-releasable, arrangement of the sono-
trode can be present at least with respect to a longitudinal
axis of the sonotrode and upon rotational movements about
said longitudinal axis or with respect to a rotationally fixed
arrangement of the sonotrode. In the same or in other
preferred embodiments of the invention, the sonotrode can
be arranged 1n the axial direction with respect to 1ts longi-
tudinal axis 1n a force-fitting and movement-fixed manner,
so as to be releasable.

In a further expedient embodiment of the invention, the at
least one contact surface of the sonotrode can be provided
with a curvature. The curvature can advantageously be
oriented 1 such a manner that, in the use position of the
contact surface, it runs at least substantially in the direction
of the longitudinal direction, or parallel to the intended
longitudinal direction, of the band portion of the strapping
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band. Furthermore, the curvature can advantageously extend
over part or over the entire length of the contact surface 1n
the longitudinal direction of the strapping band. Finally, it
can also be expedient for a curvature with a constant radius
to be provided. The size of the curvature, in particular a
radius, 1s intended to be dimensioned here 1n such a manner
that a penetration depth of a toothing of the contact sur-
face—starting from at least one point of maximum penetra-
tion depth—Ileads 1n the direction of curvature to a decreas-
ing penetration depth of the toothing, preferably to a
continuously decreasing penetration depth. By means of
these measures, tension peaks of the band subjected to a
tensile load can be reduced, and also—despite the high
loading of the band during the formation of the closure—
damage to the band can be avoided and homogeneous
welding and therefore the formation of reliably loadable
closures can be achieved.

For the production of a closure on the strapping band, the
sonotrode of the ultrasonic welding device can be trans-
ferred from an moperative position into a closure formation
position and, after a closure has been formed, can be
transferred back again in the reverse direction ito the
ioperative position. By this means, the contact surface can
be transferred from a greater distance from the counter-
holder, which said contact surface has in the moperative
position, to a smaller distance from the counterholder in the
closure formation position 1n which the contact surface is
provided for contact with the strapping band. At least the
transfer movement into the closure formation position, prei-
erably also the resetting movement, can be a motor driven
movement. During the transfer movement of the sonotrode,
a separating clement ol a separating device can also be
transierred into its separating position 1n which it 1s provided
for severing the strapping band. The band loop which 1is
already produced 1s severed here from a band supply. A
compact design can advantageously be achieved 1n that the
separating element 1s at least indirectly arranged on the
ultrasound device in such a manner that the separating
clement 1s carried along into its separating position during
the movement of the ultrasound device. With this embodi-
ment, 1t 1s possible with little outlay also to remove the
separating device from the direct region of action on the
band when the separating device 1s not 1n use. At these times,
the separating device therefore opens up space in the region
of action on the strapping band for other components of the
strapping apparatus. This likewise contributes to a compact
design of the strapping apparatus and to the preferably
provided common driving movement for the ultrasonic
welding apparatus and the separating device for the transier
movement thereof toward the strapping band and away
therefrom. In other embodiments of the invention, the sepa-
rating device with its at least one separating element can also
be fitted at a different position than on the ultrasound device
and can possibly also be moved separately therefrom.

In a further preferred embodiment, 1n addition to the
common transier movement, the separating device can also
carry out a relative movement 1n relation to the ultrasonic
welding device. This movement 1s preferably used as a
separating movement with which a separating element of the
separating device severs the band from the band supply. The
separating movement can expediently be produced after the
separating element has been transferred into 1ts separating
position. This has likewise proven favorable 1f, 1n order to
produce the separating movement, the same transier path 1s
used by the one common driving motor, with which the
transfer movement 1s also transmitted to the separating
device. In a preferred embodiment, a common driving motor
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and a common control cam of a camshait drive can be used
for this purpose, 1n particular simultaneously.

Further preferred refinements of the mvention emerge
from the claims, the description and the drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

The mnvention 1s explained 1n more detail with reference
to exemplary embodiments which are illustrated purely
schematically 1n the figures, in which:

FIG. 1 shows a strapping apparatus according to the
invention which 1s provided with an ultrasonic welding
apparatus according to the invention;

FIG. 2 shows a component of the strapping apparatus
from FIG. 1 with the ultrasonic welding apparatus according
to the invention;

FIG. 3 shows a sonotrode device according to the mven-
tion {itted into an assembly of the strapping apparatus 1n a
perspective 1llustration with an ultrasound converter and a
sonotrode attached thereto:

FIG. 4 shows a separate illustration of the sonotrode
device from FIG. 3;

FIG. 5 shows the sonotrode of the sonotrode device from
FIG. 4 1n a side view:

FIG. 6 shows the sonotrode from FIG. 4 1n a front view;

FIG. 7 shows the assembly with the sonotrode device 1n
an open position which 1t takes up when not in use;

FIG. 8 shows the sonotrode device from FIG. 7 in a closed
position which it takes up during use for forming a closure;

FIG. 9 shows a partial illustration of a longitudinal section
through the closure device with the sonotrode;

FIG. 10 shows a sectional illustration through the closure
device along a control shatt.

DETAILED DESCRIPTION

FIG. 1 shows a strapping apparatus 1 which 1s provided
with a controller, a supply device 3 for storing and for
providing a strapping band, and with a tensioning and
closure device 5 (connecting device). Plastics strapping
bands which can contain 1n particular polypropylene (PP) or
polyethylene terephthalate (PET) as matenals are provided
as strapping bands. The tensioning and closure device 5
serves, mter alia, for generating an advancement movement
and for generating a retraction movement of the strapping
band. In addition, the tensioning device serves for applying
a band tension to a band loop, and the closure device for
producing a closure on the strapping band. In addition, the
strapping apparatus has a band guide 6 with which the band
can be placed mechanically and automatically on a prede-
termined path in the manner of a loop about a packaged
article (not shown in the illustration of FIG. 1). For this
purpose, the packaged article i1s arranged on a horizontally
oriented table top (likewise not shown 1in FIG. 1) of the
strapping apparatus i a manner such that the band guide
surrounds the packaged article. In the exemplary embodi-
ment, a lower horizontally running limb of the band guide 6
runs below the packaged article 1n the region of the table top.
In addition, a welding and clamping unit 16 for the band 1s
integrated in the tensioning and closure device 5 and 1s used
to clamp the band and to produce a closure between two
band layers. Except for the differences discussed below
regarding previously known tensioning and closure devices,
this exemplary embodiment of a tensioning and closure
device 5 according to the invention involves components of
strapping apparatuses that are known per se.
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The tensioning and closure device 5 which 1s arranged
together with the band guide 6 on a framework 8 and 1is
illustrated separately and partially in FIG. 2 has a band
driving device which 1s likewise known per se and 1s not
illustrated specifically in the figures. The latter can be
provided in particular with one or more roller pairs and
possibly with further individual deflecting rollers. The band
1s arranged between roller pairs of the rollers and, by drive
of at least one roller, 1s acted upon with an advancement,
retraction or tensioning movement. With the advancement
movement, the band 1s pushed at lhigh speed through the
band guide 6, which 1s seli-contained, and therefore, at the
end of the advancement movement, the band forms a band
loop and 1s arranged 1n two layers 1n the region of the band
end. After the band end has been clamped by means of a
band clamp (again not 1llustrated), the band of the band loop
1s retracted by means of rollers of the tensioning and closure
device 1 a direction opposed to the advancement direction.
By this means, the band passes out of the channel of the band
guide 6 and 1s placed against the packaged article arranged
in the strapping apparatus 1. For this purpose, the channel
can be provided, for example, with movable flaps by means
of which the band channel can be opened. Subsequently, the
attached band 1s provided with increased band tension by
means ol a further retraction movement applied by rollers,
as a result of which the band lies tautly against the packaged
article. Operations of this type are basically known 1in
multiple and various ways from the prior art and are there-
fore not discussed 1n more detail.

FIGS. 2 to 10 1llustrate the closure device or parts thereof
which have an ultrasonic welding device 9 for producing a
closure between two band layers of the strapping band. Said
ultrasonic welding device 1s provided with an ultrasound
converter 10 which 1s provided for carrying out vibrations
with frequencies in the ultrasound range, namely of 20 kHz
to 100 kHz. In particular frequencies from a range of 20 kHz
to 40 kHz are preterred here.

In the exemplary embodiment, the ultrasound converter
can be particularly preferably operated with a frequency
from a range of 32 kHz to 38 kHz, in particular with a
frequency of 35 kHz. In conjunction with the present inven-
tion, the ultrasound converter 10 can be an ultrasound
converter which 1s known from the prior art and 1s suitable
for producing welded connections on plastics bands, and
therefore said ultrasound converter 1s likewise not discussed
below 1n more detail. The same applies to the electronic
device with which the ultrasound converter 10 1s operated.
A sonotrode device 13 to which the ultrasound converter 10
transmits the vibrations generated by 1t can be connected to
the ultrasound converter 10. Unlike the situation i the
exemplary embodiment illustrated, in other exemplary
embodiments according to the invention a booster can be
provided between the ultrasound converter 10 and the sono-
trode 11, with which booster the size of the amplitude of the
ultrasonic vibration can be changed, 1n particular enlarged.
A booster 1s therefore a sound-amplitude transformer for
changing the vibration amplitude of the ultrasonic vibration.
The ultrasound converter 10 and the sonotrode 11 and also
the booster connected inbetween, 1f present, are customarily
substantially arranged one behind another and along a
longitudinal axis 12 which corresponds to the vibration
direction and/or propagation direction of the ultrasonic
vibration.

As can be gathered 1n particular from FIGS. 3, 7 and 8, the
sonotrode device 13 which is provided with the sonotrode 11
and the ultrasound converter 10 1s arranged on a holder 14
which holds the ultrasound converter 10, the sonotrode
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8

device 13 and 1n particular the sonotrode 11 thereof 1n one
or more defined positions, 1n particular a predefined posi-
tion, with respect to the band course which 1s provided for
the strapping band in the region of the sonotrode device. The
sonotrode 11 and the longitudinal axis 12, which 1s defined
by the vibration direction, of the sonotrode device 13 are
inclined, at least 1n a use position of the sonotrode, 1n
relation to the band surface opposite the sonotrode, 1.€. 1n an
orientation differing from an orthogonal and from a parallel
arrangement. In the preferred exemplary embodiment 1llus-
trated, the longitudinal axis 12 of the sonotrode 11 1s located
firstly 1n a plane which i1s oriented perpendicularly to the
band longitudinal axis 135. Secondly, the longitudinal axis 12
1s located outside a plane formed by the surface, which 1s
close to the sonotrode, of the band, which 1s arranged 1n two
layers at this point. The longitudinal axis 12 of the sonotrode
11 1s therefore located 1n a plane oriented perpendicularly to
the band longitudinal axis 15 and encloses an angle o with
the plane of the band surface. In other embodiments, the
longitudinal axis 12 of the sonotrode can also be arranged
outside the plane oriented perpendicularly to the band sur-
face. In such embodiments according to the invention, the
longitudinal axis 12 also has an inclination in relation to the
plane which 1s perpendicular to the band surface. In the
exemplary embodiment, the angle o 1s approx. 30°. It 1s
preferably selected from a range of 10° to 80°.

For contact against the band surface close to the sono-
trode, 1n certain embodiments the sonotrode 11 can be
provided with a first level contact surface 21 which can have
a knurling or toothing in order to ensure a slip-proof contact
pressure of the contact surface 21 with the or against the
band surface. The knurling or toothing can be provided
independently of the geometrical shape of the respective
contact surface. On account of the previously discussed
inclination of the longitudinal axis 12 of the sonotrode
device, the contact surface 21 of the sonotrode also encloses
an angle a with the longitudinal axis 12 of the sonotrode
device 13. The contact surface 21 can have a substantially
level surface at least 1n sections, which 1s prewded during
the formation of the closure for abutting in a flat, and
therefore an at least substantially parallel manner, against a
portion of the surface of the layer of the strapping band close
to the sonotrode. I the respective contact surface 21 also has
portions other than planar portions, 1n conjunction with the
present invention the planar portion of the contact surface
can preferably be used for defimng the angle o enclosed
with the longitudinal axis 12.

The sonotrode 11 can be supplied here in particular by a
driven movement to the band 16 and pressed against the
latter such that firstly the contact surface 21 lies against the
outer surface 17a of the band layer 17 close to the sonotrode.
Secondly, the two mnner surfaces 175, 186 of the two band
layers 17, 18 arranged one above the other therefore also lie
against each other, and the sonotrode-remote band layer lies
with 1ts outer surface against a counterholder 22 of the
sonotrode device. With said driven movement, a transfer of
the sonotrode can therefore lead from a predetermined
non-use position to a likewise predetermined use position of
the sonotrode 11. By means of a likewise driven movement
in the reverse direction, after the end of the use of the
sonotrode for forming the closure, said sonotrode can be
vice versa reset again from the use position into its non-use
position. As can be seen 1 FIG. 10, the driven movements
of the sonotrode 11 can be produced by means of a motor-
driven control shaft 44 with which movements of other
components of the strapping apparatus are also produced 1n
the exemplary embodiment. A control disk 45 1s arranged on
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the control shait 44 and 1s in contact with a cam of the
sonotrode device and, on the basis of the contour of the
control disk 45, moves the sonotrode device.

In the region of the free end of the sonotrode 11 which 1s
illustrated i FIG. 4, 1s the releasable part of the sonotrode
device and, 1n the illustration of FIG. 8, 1s shown 1n a use
position, apart from the previously described first contact
surtace 21 a second contact surface 24 1s also formed. In
principle, i1t 1s not absolutely necessary for the second or
turther contact surfaces 24 to coincide with respect to their
geometrical shape and size with the first contact surface.
However, 1n the exemplary embodiment of the figures, the
second contact surface 24 1s identical with regard to 1ts size,
the geometrical shape and the knurling which 1s present to
the first contact surface 21. In addition, the second contact
surface 24 1s arranged 1n a mirror-inverted manner with
respect to the longitudinal axis 12 of the sonotrode 11. By
this means, 1dentical use conditions arise during the respec-
tive use of the two contact surfaces 21, 24 of the same
sonotrode. One of the contact surfaces 21 is therefore
arranged on the one side of the longitudinal axis 12 and the
other of the contact surfaces 24 is arranged on the other side
of the longitudinal axis 12. The two contact surfaces 21, 24
which are inclined at the same angle o 1n relation to the
longitudinal axis 12 run together in a common longitudinal
edge 25. The free end 26 of the sonotrode therefore has a
conical shape or a wedge shape in the region of the two
contact surfaces 21, 24.

The sonotrode 11 1s held and mounted on the ultrasound
converter 10 1n an exchangeable and fastenable manner, for
example by means of a screw connection between the
sonotrode 11 and the converter 10. The mounting 1s provided
in such a manner that the sonotrode 11 can be fastened
releasably 1n two positions which are rotated by 180° with
respect to the longitudinal axis 12 of the sonotrode device 13
and with respect to the holder 14. By this means, each of the
two contact surfaces 21, 24 can be brought into, and
arranged 1n, their use position in which the respective
contact surface 21, 24 1s provided for producing a closure
and 1s used during each formation of strapping. As soon as
the first contact surface 21 which 1s located in the use
position on the sonotrode device 1s 1intended to be
exchanged, 1n particular due to advanced wear of the first
contact surface 21, the sonotrode 11 can be arranged 1n a
position, which 1s rotated by 180° about the longitudinal
axis, with respect to the previous position and orientation
and with respect to the holder 14. In said relative position of
the sonotrode 11 with respect to the holder 14, the second
contact surface 24 1s then 1n the same use position as contact
surface 21 previously and can now be used instead of the
first contact surface 21 for producing ultrasound-welded
closures between the band layers. Only one of the two
contact surfaces 21, 24 is therefore in each case located on
the sonotrode device in the use position, wherein the use
positions of the two contact surfaces 21, 24 are identical.

As 1s 1llustrated 1n the longitudinal sectional 1llustration of
FIGS. 7 and 8, the sonotrode 11 has, in the region of its end
side opposite the ultrasound converter 10, a blind hole-like
recess 28 which 1s arranged symmetrically with respect to
the sonotrode longitudinal axis 12. The ultrasound converter
10 can be provided on 1ts end side 10a opposite the sono-
trode 11 with a pin 29, the cross section of which 1s
congruent to recess 28 of the sonotrode in such a manner that
the pin 29 can be accommodated 1n a precisely fitting and
play-free manner 1n the recess 28. A releasable connection
between the sonotrode 11 and the ultrasound converter 10
can be achieved, for example, by the already mentioned
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threaded connection between said two elements. Other types
ol connection are also possible.

In an alternative embodiment to the threaded connection
between the sonotrode 11 and the ultrasound converter 10,
the cross-sectional shapes of the recess 28 and of the pin 29
can be selected here 1n such a manner that the pin 29 can
only be arranged 1n the two positions oflset by 180° with
respect to each other in the recess 28. By means of a
bayonet-like closure (not 1llustrated specifically), the sono-
trode 11 and the ultrasound converter 10 can be fastened
releasably to each other by the sonotrode 11 and the ultra-
sound converter 10 being fixed 1n a form-fitting manner on
cach other 1n particular 1n the direction of the longitudinal
axis 12. In the two relative positions, the ultrasound and the
vibration thereof 1s therefore transmitted 1n the same manner
from the ultrasound converter to the sonotrode and, 1n the
latter, to the respective contact surface 21, 24.

At least one, preferably each, of the contact surfaces 21,
24 can be provided in the band running direction with a
curvature 32, as 1s shown 1n FIG. 9. The curvature 32 can be
provided 1n particular 1n such a manner that, as seen in the
band running direction, at at least one of the outer sides or
at longitudinal edges 33, 34 of the contact surface 21, 24 that
are oriented transversely with respect to the band running
direction, the distance of the contact surface 21, 24, which
1s located in the use position, from the strapping band 1is
greater than along or in the region of the center of the contact
surface. The curvature 32 preferably runs—as seen in the
band running or band longitudinal direction—over the entire
cross section of the respective contact surface 21, 24,
wherein the contact surface 21, 24 has the smallest distance
from a mating surface of the counterholder 22 at least
approximately in the region of the center, between the front
and rear longitudinal edge 33, 34 of the respective contact
surface 21, 24, as seen in the band running direction.

In the illustrated preferred exemplary embodiment of
FIG. 9, the curvature can extend over an angular range of 4°
to 20°. The curvature which can have, for example, a radius
from a range of 5 mm to 80 mm, preferably merges
continuously into a flat portion of the respective contact
surface 21, 24. This transition—as seen with respect to a
direction parallel to the band running direction—can lie, for
example, approximately in the center of the length of the
contact surface 21, 24. The flat portion of the contact
surfaces 21, 24 here can lie opposite the end region of the
band of the band layer against which the contact surface 21,
24 lies during production of a closure. The portion of the
contact surface 21, 24 which 1s provided with the curvature
can preferably be arranged upstream of the flat portion of the
contact surface, as seen 1n the direction of the band end of
the directly opposite band portion.

By this means, during the use for the formation of a
closure, at least one of the longitudinal edges 33, 34 is at the
greatest distance from a mating surface of the counterholder
22. By means of this arrangement, at least one of the
end-side longitudinal edges 33, 34 mentioned 1s also at a
distance from the surface of the band during the formation
of the closure while butting at a designated pressure against
the strapping band, while at least one other region of the
contact surface 21, 24, preferably at least one central region
of the contact surface 21, 24 and/or a flat surface region of
the contact surface 21, 24 adjoining the curvature lies
against the surface of the band and therefore has a distance
of zero. By this means, the advantage can be obtained that
a gentle transition between closure and band loop 1is
achieved, said transition leading to a higher load-bearing
capacity of the closure.
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In other embodiments, the at least one contact surface 21,
24 can also have a different geometrical shape. The contact

surface can have, for example, a different shape of curvature
than a radius, for example an elliptical shape or a curvature
which can be described by a different mathematical function
or can be designed as a free surface shape. Similarly, the
angular range over which the curvature or a portion of the
curvature of the contact surface 21, 24 extends can assume
any value which can be realized.

The strapping apparatus 1 also pretferably has a separating,
device 37 which severs the band loop from a band roller of
the supply device 3 1 an automated manner. The separating
device 37 can be fastened to the closure device 5 with a
movable, 1n particular pivotable, holder 14. The holder 14,
by means of the movements provided therefor, can transier
the contact surface 21, 24 arranged 1n each case in the use
position on the sonotrode device 1nto the closure formation
position and into the moperative position. A blade 38 or a
different separating element can be arranged on the holder
14 and carries out said driven movements of the holder. In
addition, the separating element can be acted upon with a
further driven movement which the separating element
carries out relative to the holder 14 of the sonotrode device
and which 1s used as a separating movement. In order to
manage with as small a number of components as possible,
the same drive and the same control element as for the
carrier of the sonotrode device can preferably be used. In the
exemplary embodiment, this can be a central driving motor
40 and the same control disk 41 which 1s arranged on a
control shatt 42 on which further control disks are located
with which further components of the strapping apparatus
are moved and the use times thereof are determined.

During the separating operation, the separating element
interacts with a mating separating element which 1s prefer-
ably fixed, 1.e. immovable, at least during the separating
operation and 1s likewise preferably designed as a blade. The
separating element and the mating separating element inter-
act 1n the manner of scissors and cut the band at the end of
a strapping operation close to the closure 1n a region between
the closure and the band supply. By means of the driven
movement of the separating element, despite the arrange-
ment on the carrier of the sonotrode device and despite the
joint control operation of the movement of the carrier, the
time ol the separating operation can thereby be varied
relative to the time of reaching the closure position of the
contact surface. This can take place, for example, by varying
the length of the path of the separating element until the
cutting operation occurs or by varying a possible transmis-
sion ratio of the movement transmitted to the separating
clement by the control roller. The separating element can be
loaded by means of a spring element 1n order to produce a
resetting force. The spring element can be tensioned by the
driven movement of the separating element during the
separating operation, wherein relaxation of the spring ele-
ment after the separating operation has taken place can lead
to a resetting movement of the separating element into its
starting position on the carrier.

LIST OF REFERENCE SIGNS

1 Strapping apparatus

3 Supply device

5 Tensioning and closure device
6 Band guide

8 Framework

9 Ultrasonic welding device

10 Ultrasound converter
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10a End side

11 Sonotrode

12 Longitudinal axis
13 Sonotrode device
14 Holder

15 Band longitudinal axis
16 Band

17 Band layer close to the sonotrode
17a Surface

176 Inner surface

18 Band layer

1856 Inner surface

21 Contact surtface
22 Counterholder

24 Second contact surface
25 Longitudinal edge
26 Free end

28 Recess

29 Pin

32 Curvature

33 Longitudinal edge
34 Longitudinal edge
37 Separating device

38 Blade
40 Motor
41 Control disk
42 Control shaft
44 Control shaift
45 Control disk
o Angle
The mvention claimed 1s:
1. A strapping device comprising:
a tensioning roller rotatable to tension a strap around a
load;
an ultrasonic welding device configured to ultrasonically
weld two overlapping portions of the strap to one
another, the ultrasonic welding device comprising:
an ultrasound converter arranged on a converter longi-
tudinal axis and configured to generate and transmat
ultrasonic vibrations; and
a sonotrode arranged on the converter longitudinal axis
and configured to receive the ultrasonic vibrations
from the ultrasound converter,
wherein the sonotrode comprises a contact surface
comprising a textured planar portion and a tex-
tured curved portion, wherein the curved portion
of the contact surface curves away from a strap
longitudinal axis of the overlapping portions of
the strap,
wherein the sonotrode 1s movable from a non-use
position 1 which the contact surface does not
contact the strap to a use position 1 which the
contact surface contacts one of the overlapping
portions of the strap and transmits the ultrasonic
vibrations to that one of the overlapping portions
of the strap, and
wherein the contact surface 1s oriented so the tex-
tured planar portion of the contact surface 1is
oriented at an angle o. with respect to the converter
longitudinal axis, wherein the angle o 1s acute;
and
a blade movable to cut the strap from a strap supply to
form a tensioned loop of strap around the load.
2. The strapping device of claim 1, wherein the angle o 1s
between 5 and 15 degrees.
3. The strapping device of claim 1, wherein the angle o 1s
no greater than 80 degrees.
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4. The strapping device of claim 3, wherein the angle o 1s
at least 30 degrees.

5. The strapping device of claim 1, wherein the sonotrode
comprises a second contact surface, and wherein the sono-
trode 1s configured to be re-oriented such that, when the
sonotrode 1s 1n the use position, the second contact surface
contacts the one of the overlapping portions of the strap and
the contact surtace does not contact the strap.

6. The strapping device of claim 5, wherein the contact
surface and the second contact surface are symmetrical
about a plane that includes the converter longitudinal axis.

7. The strapping device of claim 1, wherein the textured
planar and curved portions of the contact surface comprise
one of: knurling and toothing.

8. The strapping device of claim 1, further comprising an
actuator configured to: (1) move the sonotrode from the
non-use position to the use position to enable the ultrasonic
welding device to ultrasonically weld the two overlapping
portions of the strap to one another, and (2) move the blade
to cut the strap.

9. The strapping device of claim 8, further comprising a
cam shait, wherein the actuator 1s operably connected to the
cam shaft to rotate the cam shaft to cause the sonotrode to
move from the non-use position to the use position and to
cause the blade to move to cut the strap.

10. The strapping device of claim 1, wherein the converter
longitudinal axis 1s transverse to the strap longitudinal axis
of the overlapping portions of the strap.

11. The strapping device of claim 1, wherein the converter
longitudinal axis corresponds to a direction of propagation
ol the ultrasonic vibrations from the ultrasound converter to
the sonotrode.

12. The strapping device of claim 1, wherein the sono-
trode 1s movable 1n translation along the converter longitu-
dinal axis from the non-use position to the use position.

13. Amethod for strapping a load, the method comprising:

tensioning a strap around a load;
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moving a contact surface of a sonotrode arranged on a
converter longitudinal axis 1nto contact with one of two
overlapping layers of the strap, wherein the contact
surface comprises a textured planar portion and a
textured curved portion, wherein the curved portion of
the contact surface curves away from a strap longitu-
dinal axis of the overlapping portions of the strap,
wherein the textured planar portion of the contact
surface 1s oriented at an angle a with respect to the
converter longitudinal axis, wherein the angle a 1s
acute;

activating an ultrasound converter arranged on the con-

verter longitudinal axis to generate and transmit ultra-
sonic vibrations to the sonotrode, which transmits those

ultrasonic vibrations to the overlapping layers of the
strap via the contact surface to ultrasonically weld the
overlapping layers of the strap together; and

cutting the strap from a strap supply to form a tensioned

loop of strap around the load.

14. The method of claim 13, wherein the textured planar
and curved portions of the contact surface comprise one of:
knurling and toothing.

15. The method of claim 13, further comprising moving
the sonotrode in from a non-use position to a use position to
move the contact surface of the sonotrode into contact with
the one of the two overlapping layers of the strap.

16. The method of claim 15, further comprising moving
the sonotrode 1n translation along the converter longitudinal
axis from the non-use position into the use position to move
the contact surface of the sonotrode 1nto contact with the one
of the two overlapping layers of the strap.

17. The method of claim 16, wherein the contact surface
extends between a {first longitudinal edge of the textured
planar portion and a second longitudinal edge of the textured
curved portion, wherein the second longitudinal edge 1s not
in contact with the strap when the sonotrode 1s 1n the use
position.
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